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Alcoholism may constitute the major public health problem in many parts of the world. Its effects on morbidity and mortality have been grossly underestimated in world health statistics. Approximately 20-60 % of all hospital admissions in the United States are related to consequences of alcohol. Moreover, if its secondary role in deaths due to homicide, suicide, accidents, and alcohol-related cancers is considered, it is the fourth leading cause of death in the United States (Institute of Medicine, 1987) .
According to a recent large scale epidemiological survey of the United States adult population, alcoholism is the most prevalent psychiatric syndrome in the population (Robins et al. 1984; Myers et al. 1984) . The lifetime prevalence of alcohol abuse or dependence was 14%, with males having a six-fold greater risk than females (i.e. 24% v. 4%). At the time of the survey, 9% of males and 2 % of adult females had met criteria for alcohol abuse or dependence during the past six months. Some studies suggest that there is a secular trend for alcoholism with higher rates in more recent birth cohorts (Reich et al. 1988) . Despite these high rates, less than 10% of alcoholics in the general population have sought treatment specifically for alcoholism (Shapiro et al. 1984) . This suggests that there may be substantial biases present in studies of alcoholics who derive solely from treatment settings or registries.
Alcohol research has been hampered by the lack of agreement on a valid definition of alcoholism. Because we have no presumptive diagnostic test for alcoholism, the diagnosis depends upon clinical signs and symptoms of the alcohol-related behaviour. Traditional definitions of alcoholism have been based upon assessment of the consequences of the use of alcohol. The circularity of this conceptualization has been well demonstrated. Although persons suffering from severe medical or social consequences of alcohol are likely to have the condition, a substantial proportion of persons with the condition may escape its consequences because of factors unrelated to the disorder itself.
Recent standardized classification systems have now attempted to separate alcohol-seeking behaviour and its physiological concomitants from the social, psychological, and physical consequences of such behaviour, as suggested by Edwards & Gross (1976) . The draft of the ICD-10 separates two syndromes of use of alcohol as follows: hazardous use, characterized by an occasional, repeated, or persistent pattern of use of alcohol which carries with it a high risk of causing future damage to the medical or mental health of the user, but which has not yet resulted in significant medical or psychological ill effects; harmful use, characterized by a pattern of use that is already causing health damage. The alcohol use syndromes, which are chiefly comprised of consequences of alcohol, are further distinguished from the Dependence Syndrome which requires evidence of craving or compulsive alcohol-seeking behaviour, tolerance, or withdrawal.
The most recent diagnostic classification system of the American Psychiatric Association, the Diagnostic and Statistical Manual-III-R, has similarly distinguished between alcohol abuse and dependence (American Psychiatric Association, 1987) . Whereas alcohol abuse comprises a maladaptive pattern of alcohol use over a one-month period, alcohol dependence focuses on alcohol-seeking behaviour, craving, tolerance and withdrawal. Adoption of these criteria should help to reduce the variability in the genetic studies that will be reviewed below. Most of these studies have used a broad definition of alcoholism, which did not require craving for alcohol, tolerance or withdrawal, and in some subjects may solely derive from social or psychological consequences of alcohol use.
There are numerous methodological issues which continue to impede research in alcoholism. As described above, the lack of agreement between studies on the definition of alcoholism limits the comparability of studies. Furthermore, those definitions which solely depend upon consequences of alcohol-related behaviour may lead to biased estimates of rates of alcoholism.
Probands in most existing studies of alcoholism, who have been ascertained from treatment studies, represent the tip of the iceberg of alcoholism in the population. Because only a small proportion of persons seek treatment or come to the attention of the authorities for alcohol-related behaviour, the generalizability of the results of studies in which the sampling source is comprised of treatment or temperance board registries may be limited and subject to unknown biases (Shapiro etal. 1984) .
Another aspect of alcoholism which requires methodological attention is the variable age of onset, which extends from the mid-to-late teens until beyond the age 50. Recent evidence suggests a decrease in the average age of onset of alcoholism, particularly among women (Reich et al. 1988) . Accurate dating of the age-of-onset is impeded by the insidious onset of the disorder and the arbitrary decision regarding the point at which normal drinking behaviour becomes problematical. Moreover, sex differences in the risk period hav't rarely been considered in studies of this condition. Reich et al. (1988) have shown that ths age-of-onset and lifetime population prevalence of alcoholism among women are becoming increasingly similar to those of men.
Co-morbidity with other psychiatric conditions has also complicated the interpretation of studies of the epidemiology and genetics of alcoholism. Numerous disorders co-occur with alcoholism in both clinical and epidemiological populations. Whereas 32% of the general population meets criteria for a second core diagnosis, 47 % of alcoholics meet criteria for a second diagnosis, many of which are heritable. Alcoholism is specifically associated with the following disorders in the epidemiological catchment area study (ECA) of adults in the US: antisocial personality (odds ratio = 21-0); drug dependence (odds ratio = 11-2); mania (odds ratio = 6-2); schizophrenia (odds ratio = 4-0); drug abuse (odds ratio = 3-9); panic disorder (odds ratio = 2-4); and major depression (odds ratio = 1-7) (Helzer & Pryzbeck, 1988) . With such co-morbid disorders, it is difficult to discriminate cause from consequence, or order of presentation of each condition with the use of retrospective diagnoses.
Genetic analyses of alcoholism are often complicated by the simultaneous presence of several disorders within families and individuals. The high prevalence of the major psychiatric disorders in the general population elevates the probability that co-occurrence of such disorders may be a chance phenomenon. Therefore, decisions to include an associated condition under affected status should be based upon a priori evidence that the two conditions co-segregate, or represent manifestations of the same underlying factors within families. Genetic analyses of several alternative combinations of these disorders without evidence for a transmissible association between them violates the prior assumptions of both segregation and linkage analysis.
The high rate of polysubstance abuse constitutes a similar problem to that of co-morbidity of alcoholism with other psychiatric conditions. Abuse of cocaine, sedatives, opiates, hallucinogens, and amphetamines is strongly associated with alcoholism, with odds ratios exceeding 10 for all of these substances (Helzer & Pryzbeck, 1988) . Furthermore, the association between nicotine and alcohol abuse is often neglected, particularly in biological studies of alcoholism (Kaprio et al. 1981) .
Finally, the phenomenon of non-random mating, either assortative or disassortative, presents a major barrier to the determination of the mode of inheritance of alcoholism. Assortative mating systems affect the genotypic distribution in the population by increasing the proportion of homozygous individuals and in decreasing the proportion of heterozygotes. As many as 40-50 % of alcoholics in some series have been found to have a spouse with either alcoholism, antisocial personality, major depression, or an anxiety disorder (Merikangas, 1982; Jacob & Bremer, 1986; Reich et al. 1988) . Furthermore, offspring of dual matings have usually been found to have elevated risk of alcoholism beyond that conveyed by a single parent with alcoholism. This phenomenon complicates studies of familial transmission and renders a large proportion of families uninformative for linkage studies.
There are four major research areas of genetic studies of alcoholism in humans including: familial transmission; association and linkage of alcoholism with biological markers; vulnerability studies; and characterization of alcohol metabolizing enzymes. The major findings from each of these study domains will be reviewed below.
FAMILIAL TRANSMISSION OF ALCOHOLISM
The familial nature of alcoholism has been known for centuries. Aristotle, Plato, and Plutarch all described the tendency for the drinking behaviour of children to resemble that of their parents (Warner & Rosett, 1975) . The mechanism for familial transmission was attributed to the effect of alcohol on the parental germ cells, thereby leading to degeneracy in the resulting offspring. Social explanations for familial aggregation did not arise until the early part of this century (Goodwin, 1979; .
Family studies
Although there have been more than 40 family studies of alcoholism (for a review, see Cotton, 1979) , there are only a limited number of studies that have conducted direct interviews with probands and their relatives, employed standardized diagnostic criteria, and included a control group which was assessed with similar diagnostic methods to those of the group of probands. These studies are shown in Table 1 . The results show that there is an average seven-fold increase in the risk of alcoholism among the first degree relatives of probands as compared to controls. One quarter of the fathers and 5 % of the mothers of probands with alcoholism also have alcoholism. The relative risk of illness is consistently greater in male than in female relatives, in proportions of the same magnitude as those reported in epidemiological studies. The only three studies that reported the risk to relatives according to the sex of the proband showed no sex difference in the transmission of alcoholism to first-degree relatives, thereby indicating that the sex difference in alcoholism cannot be attributed to transmissible genetic factors (Guze et al. 1986; Reich et al. 1975) . Therefore, the lower rates of alcoholism in females may be attributed to environmental factors such as exposure, or differences in background genetic or biological factors such as hormonal factors which are unique to women. The study of Bleuler in 1955 constitutes one of the most carefully designed family studies of alcoholism by systematically assessing first-and second-degree relatives including half-siblings of cases and controls. This study showed a strong degree of familial aggregation in first degree relatives of cases as compared to controls. The finding of approximately 1/2 the risk in second-degree Table 1 . Controlled family studies of alcoholism Author (year) Brugger (1933) Amark (1951) Bleuler ( relatives including grandfathers and uncles as compared to fathers and brothers, and grandmothers and aunts as compared to mothers and sisters, is compatible with traditional Mendelian patterns. However, the risk to both male and female half-siblings was greater than that to full brothers and sisters. There are several possible explanations for this finding. Half-siblings, who derive from the dissolution of families, may be at increased risk for development of alcoholism because of clustering of environmental precipitants of alcoholism. Alternatively, it is clear that there is a dramatic increase in rates of alcoholism among the co-parents of the half-siblings, who are non-biological relatives, over that in the control population. Whereas rates of alcoholism among the control fathers and mothers were 3 and 1 % respectively, rates of alcoholism in the spouses were 29 and 16% for husbands and wives. These latter rates are remarkably similar to those described nearly three decades later by Reich et al. (1980) who found alcoholism in 39% of the husbands and 18% of the wives of alcoholic probands.
Very few data are available from controlled family studies on the risk to second degree relatives of alcoholic parents. Reich et al. (1980) found a four-fold increase in rates of alcoholism among grandfathers of male alcoholics (i.e. 16%) compared to those of controls (i.e. 5%). Moreover, the rates of alcoholism among female alcoholics' grandfathers of 4 % were similar to those of the controls. Kaij & Dock (1975) reported equal rates of alcoholism in the grandsons of alcoholic grandmothers versus those of alcoholic grandfathers, the risk for each being 46%. However, because no data on controls were presented, computation of the relative risk for second degree relatives was not possible. In a study of half-siblings of alcoholic young men, Schuckit et al. (1972) found equal risk to full and half-siblings of probands. Equal rates in the first and second degree relatives are inconsistent with virtually any genetic model, thereby providing evidence for the importance of environmental factors in the aetiology of alcoholism.
Twin studies
There have been five studies of twins selected from registries of normal twins to assess alcoholrelated behaviour (Table 2 ). The average correlation between monozygotic twins was significantly greater (i.e. 0-54, range 0-37-0-56) than that among dizygotic twins (i.e. 0-23, range 0-0-50). The average heritability was 0-50 for quantity and 0-40 for frequency of drinking. The average heritability for females was greater than that for males, but females were only assessed in two studies.
The heritability for frequency of drinking (40 %) was higher than for amount of consumption per occasion. Interestingly, those studies that examined the heritability of social consequences found no evidence for involvement of genetic factors. This finding provides evidence for the lack of validity of the definitions of alcoholism which depend upon social complications of drinking behaviour.
The results of four twin studies that assessed differential concordance between monozygotic and dizygotic twin pairs in which one member was identified through an alcoholism treatment programme are also shown in Table 3 . Concordance rates for monozygotic pairs ranged from 0-26 to 0-66 (average 039), whereas dizygotic pairs rates ranged from 0-12 to 0-39 (average 0-28). Three of the four studies found a two-fold increased risk among monozygotic v. dizygotic males. However, there was no evidence for increased concordance rates among monozygotic v. female dizygotic pairs. The lack of evidence for genetic factors in females may be partly attributed to the large degree of under-representation of female alcoholics in treatment samples and registries, differential exposure to alcohol in females, or the result of decreased drinking among co-twins of female alcoholic probands.
Adoption studies
There have been four major adoption studies of alcoholism, three of which yielded evidence for the role of genetic factors in the transmission of alcoholism (see Table 4 ). The latter three studies employed definitions of alcoholism which depended on severe behavioural and medical consequences of the use of alcohol, whereas the first study considered heavy drinking as the outcome of interest.
The results of the adoption studies constitute the major evidence to date favouring the role of transmissible genes in the aetiology of alcoholism. A summary of the four major adoption studies of alcoholism shows that the average relative risk of alcoholism in male adoptees with and without a family history of alcoholism is 2-4 and for female adoptees 2-8. There is a 2 | times greater chance of an adoptee developing alcoholism if a biological parent has alcoholism, irrespective of exposure to the alcoholic parent. In contrast to the family studies, there is some evidence for sex-specific transmission in some of the adoption studies of alcoholism. Cloninger et al. (1981) have described two subtypes of alcoholism based upon the results of the Swedish adoption study by Bohman and colleagues (1981) . The Type II predominantly male subtype is basically comprised of a heritable form of early onset heavy drinking with concomitant criminality or antisocial personality. In contrast, the Type I subtype, which is comprised of equal numbers of males and females with onset after the age of 25, may be more likely to be associated with the major ' neurotic' psychiatric disorders including anxiety and depression syndromes. Based on these data, Cloninger (1987) has recently expounded a theory which integrates the dimensions of personality (i.e. novelty seeking, harm avoidance, and reward dependence), neurobiology and genetics in discriminating the two types of alcoholism. This theory has been incorporated into the designs of a large number of recent studies, which should generate data on the validity of the model and its components. The association between a biological alcoholic father and alcoholism in male offspring, irrespective of exposure to the biological father, has been confirmed in a 40-year longitudinal study of 456 men (Vaillant, 1980) . The results of this study suggest that although paternal genetic background is an important predictor of the development of alcoholism in male offspring, an unstable childhood environment is a major predictor of age of onset and consequences of alcoholism.
STUDIES OF ASSOCIATION AND LINKAGE
Association or linkage between a known genetic marker and disease status comprises a major source of evidence regarding the involvement of genetic factors in the aetiology of a disease. There are a large number of reports of associations between alcoholism and biological factors, many of which are encoded by genes at known loci on particular chromosomes. Examples of the latter include colour blindness, a variety of serological markers including ABO, Rh, MNS, C3, and HLA, palmar/finger prints, serum haptoglobin, phenylthiocarbamide (PTC) taste status, monoamine oxidase inhibition (MAOI), adenylate cyclase, and thyrotropin releasing hormone (TRH) challenge (Goodwin & Guze, 1974) . To date, however, none of these parameters constitute genetic markers for alcoholism for the following reasons: few of the parameters have been replicated in more than a single study; the parameters have often been found to return to normal after cessation of drinking; and no marker has been shown to be specific to alcoholism. A review of the concepts and methods for identifying phenotypic and genotypic biological markers in alcoholism is presented by RadoucoThomas et al. (1984) .
Similarly, there is not a single study in which linkage between a known genetic marker and alcoholism has been conclusively demonstrated. Suggestive evidence has recently been presented by Hill et al. (1988) , who reported a lod score of 202 at 6 = 0007 between the MNS locus on chromosome-4 and alcoholism in 30 pedigrees, of which only about half were informative at this locus. The families were selected for 'pure' alcoholism with no concomitant psychiatric diagnoses in probands or relatives. However, ascertainment procedures of two ill and one well sibling per family precluded determination of the mode of inheritance and related parameters thereof. Interestingly, an association between the MN locus and alcoholism was also found in an earlier linkage study of serological markers and alcoholism by the primary author of the latter report (Hill et al. 1975) .
In summary, despite the variability in sampling and methodology, the majority of the family, twin and adoption studies suggest that alcoholism is familial, and that a significant proportion of the familial aggregation can be attributed to genetic factors. However, the specific components of alcoholism that may be inherited have yet to be identified.
However, the variability in the degree of heritability, sex-specific transmission in the absence of evidence for an A'-linked mode of transmission, indicate that the evidence is far from conclusive. This review demonstrates that a large degree of the above inconsistency may be attributed to methodological factors including variability in definitions of alcoholism, methods of selection of probands and collection of diagnostic information, and the lack of inclusion of controls within studies. A critical review of twin and adoption studies of alcoholism and recommendations for designs of future studies is discussed by Searles (1988) .
VULNERABILITY STUDIES
The difficulty in disentangling antecedent markers from physiological consequences of ethanol has led to a focus on studies of individuals who are assumed to have increased vulnerability to alcoholism by virtue of the presence of a positive family history, particularly paternal alcoholism. Nearly all of the vulnerability studies have been based on a dichotomous classification of the presence or absence of a history of alcoholism in the antecedent generation. However, simulation studies have demonstrated that if a recessive model of transmission obtains for alcoholism, binomial classification leads to a misclassification of 50 % of the families in which genes are operating as 'sporadic' (Goldin et al. 1987) . Furthermore, the majority of the vulnerability studies also suffer from the important methodological limitation of the lack of direct interviews of the relatives of both the cases and controls in ascertaining the family history of alcoholism and other psychiatric conditions.
Despite the above limitations, there are a number of robust findings which suggest the presence of particular behavioural and biochemical precursors to alcoholism (Schuckit, 1987) . The results of both retrospective and prospective studies converge in demonstrating that conduct disorder, hyperactivity, and attention deficit disorder appear to predispose to the development of alcoholism (Alterman & Tarter, 1983) . Deficits in performance on neuropsychological test batteries have been found consistently across studies, but no specific dysfunction indicative of a particular brain lesion or deficit has been identified (Hesselbrock et al. 1985) . The most consistent behavioural precursor to alcoholism is impulsiveness, or low frustration tolerance (Knop et al. 1985) . This trait could explain the generalized deficits in neuropsychological test performance, which would compromise the ability of the subject to complete the required study tasks.
The results of neurophysiological studies which provided evidence for decreased alpha power of the resting encephalogram (EEG) (Propping, 1977; Vogel & Propping, 1981; Gabrielli et al. 1982; Pollock et al. 1983 ) and increased latency and decreased amplitude of the P-300 component of the evoked potential as possible markers for alcoholism have generated considerable excitement in the alcohol field during the last few years (Elmasian et al. 1982; Begleiter et al. 1984) . This finding has been confirmed in several studies which have employed auditory tasks as well. However, the decrease in amplitude of the P-300 is dependent upon a number of factors including the individual characteristics of the sample and specific parameters of the task itself (Neville & Schmidt, 1985; Polich & Bloom, 1987; Polich et al. 1988a, b; Hill et al. 1988) . Additionally, the specificity of these abnormalities for alcoholism has not been assessed (Pfefferbaum et al. 1984; Strandburg et al. 1984) .
One of the most consistent findings in studies of subjects at high risk for alcoholism is that they tend to have a less intensive subjective and objective response to alcohol under controlled conditions of administration than subjects without a familial history of alcoholism (Nathan & Lipscomb 1979; Lipscomb & Nathan, 1980; Schuckit, 1984) . This suggests that a lack of tolerance may be protective against the development of alcoholism. Ironically, there is more information regarding those factors that protect against alcoholism than those that may have an aetiological role in its development.
The three major levels of enquiry regarding possible mechanisms for the transmission of alcoholism and the involvement of genes and gene products in its development are factors related to exposure, metabolism, or pharmacological effects of ethanol. Exposure to ethanol is an obvious precondition for the development of tolerance and/or dependence. Therefore, identification of factors which enhance (or decrease) exposure are important goals of studies of the pathogenesis of alcoholism. It is likely that demographic, cultural and environmental factors (i.e. sex, age, religious affiliation, social group influences, income, availability of alcohol, etc.) play a crucial role in mediating exposure to alcohol.
STUDIES OF ALCOHOL-METABOLIZING GENES
Variation in the metabolism of ethanol has been the most widely studied genetic factor in the alcohol field. Studies of normal twins have demonstrated high heritability for metabolic factors related to alcohol including the rate of absorption, degradation, and elimination of alcohol (Vesell et al. 1971) . Interestingly, the consequences of alcohol use are the least heritable component of alcohol-related behaviour.
Recent identification of the genes involved in the metabolism of ethanol in humans has yielded information on the role of metabolism in the lack of tolerance to alcohol. The two major enzymes involved in the catabolism of ethanol are alcohol dehydrogenase (ADH), which converts ethanol to acetaldehyde; and aldehyde dehydrogenase (ALDH) which converts acetaldehyde to acetic acid. Approximately 75-90 % of ethanol is metabolized via this pathway. To date, three major classes of ADH genes have been identified, all of which are located on the long arm of chromosome-4. All of these genes exhibit tissue-and development-dependent expression. The three Class I ADH genes, alpha, beta, and gamma, have all been cloned, and have been demonstrated to be under hormonal control. Only two (i.e. ADH2, beta, and ADH3, gamma) of the five ADH genes have been shown to be polymorphic. Four ALDH genes have now been identified, of which three are polymorphic. The loci of ALDH1 and ALDH3 are 9 q and 17 respectively. ALDH2 is mitochondrial and located on Chromosome-12 (reviewed by Smith, 1986; Duester et al. 1986) .
The alcohol-metabolizing enzymes have revealed a remarkable degree of racial variation. The allelic frequencies for ADH and ALDH are shown in Table 5 (Holmes et al. 1986; Harada et al. 1983a; Bosron et al. 1988) . The 'atypical' ADH 2 phenotype, which resulted from a single amino acid substitution, leads to a rapid build-up of acetaldehyde with 100 times greater specific activity than the normal phenotype. The abnormal ALDH t and ALDH 2 phenotypes, which are characteristic of Oriental populations, are derived from a single amino acid substitution. These phenotypes lead to an inability to convert acetaldehyde to acetic acid and produces the characteristic 'flushing' response to alcohol. Thus, the authors conclude that ALDH deficiencies are among the major genetic regulatory factors in alcohol consumption, and play a protective role against alcoholism.
The role of the alcohol-metabolizing genes as a protective influence on the development of alcoholism has been demonstrated by the results of a study which revealed that the majority of a group of hospitalized alcoholics in Japan possessed the normal enzyme variant for ALDH, whereas the controls' values approximated those of the general population (Harada et al. 1983 b) . Despite these findings, neither ALDH nor ADH have been found to be associated with alcohol preference or tolerance in mice or humans. However, the recent availability of oligonucleotide clones of these genes will eliminate the necessity to conduct liver biopsies to characterize these enzymes and will facilitate studies of the role of the alcohol metabolizing enzymes in the pathogenesis of alcoholism (Hsu et al. 1985) .
SUMMARY
Despite the variability in sampling and methodology, the majority of the family, twin and adoption studies suggest that alcoholism is familial, a significant proportion of which can be attributed to genetic factors. However, the specific components of alcoholism that may be inherited have yet to be identified. To date, there are no biological trait markers for which there is evidence for specificity for alcoholism.
The key to alcoholism is likely to reside in the effects of alcohol on the brain. In contrast to nicotine, the opioids, and catecholamines, no specific receptor for ethanol has been found. Thus, one major focus of current research on possible central nervous system (CNS) mechanisms for the effect of alcohol includes assessment of the role of alcohol in the stimulation of brain reward or reinforcement systems. Alternately, alcohol may produce dependence by normalizing abnormal baseline states such as irritability, hyperexcitability, dysphoria, impulsiveness, or stress/tension level. The results of animal studies have yielded information on the central effects of alcohol including sensitivity of neuronal membranes, proteins, and ion channels to alcohol, and factors related to the binding and release of neurotransmitters and neuromodulators including dopamine, norepinephrine, gamma aminobutyric acid, pro-opiomelanocortin, glutamate receptors and the endorphin system (Institute of Medicine, 1987) .
In addition to possible genetic explanations for the strong degree of familial aggregation of alcoholism, alternative explanations need to be further evaluated. These include: modelling of parental behaviour; possible changes in the susceptibility of the foetus to alcohol as a result of in utero maternal ingestion of alcohol; results of negligent rearing manifested in dietary deficiency, exposure to toxic substances, or brain trauma, which so often characterize the homes of alcoholic parents; or damage to paternal germ cells from alcohol.
RECOMMENDATIONS FOR FUTURE STUDIES
This review has identified several gaps in the research and methodology of genetic-epidemiological studies of alcoholism. The overriding problem in studies to date results from the lack of general agreement of a valid definition of alcoholism. The recent introduction of the ICD-10/DSM-IN-R definitions, which focus on alcohol-seeking behaviour rather than its consequences, should reduce the sampling variability, which has led to discrepant and incomparable findings between studies. Future studies of the transmission of alcoholism should also incorporate the following methodological features in the study designs: careful selection of samples with attention to diagnostic accuracy and the role of ascertainment bias; selection of control groups which are comparable to the study group on all factors except the presence of alcoholism or its history in the family; employment of direct interviews of spouses and relatives to determine the phenotypes or relatives without knowledge of the phenotype of the proband; integration of comprehensive domains of assessment in order to evaluate the inter-relationships of risk factors and markers; assessment of the specificity of markers with respect to alcoholism by systematically including a group of non-alcoholic substance abuse or other appropriate controls; inclusion of measures of possible non-genetic transmissible factors; and evaluation of the components of alcohol-related behaviour rather than the broader concept of alcoholism.
Another integral step in assessing the genetics of alcoholism involves specification of the association between alcoholism and other psychiatric conditions and alternate types of substance abuse. Until the role of such co-morbid conditions is explicated, studies of the familial transmission of alcoholism will continue to produce conflicting results. More important, the power of studies of genetic linkage will be reduced by the lack of knowledge regarding the role of other related disorders in the co-transmission or as consequences of alcoholism. However, linkage studies may also comprise a valuable source of information for determining whether alcoholism and co-morbid conditions share similar underlying aetiological factors.
Concentration of research in two major areas is recommended: (7) large family studies with particular focus on hybrid twin/family or half-sibling/family study designs in order to: define the disorder of alcoholism, its subtypes, and its association with other psychiatric syndromes; to identify its mode(s) of inheritance; and to evaluate the transmission of the metabolic and neurobiological components of alcoholism; and (2) studies of the effects of alcohol on the brain via animal studies and neuroimaging studies of humans to identify the CNS effects of alcohol in which the aetiology of alcoholism is likely to reside.
